Abstract. The homeobox protein homeobox (HOXA9) is a transcriptional factor that regulates patterning during embryogenesis and controls cell differentiation. HOXA9 dysfunction has been implicated in certain cancers. However, the role of HOXA9 in gastric cancer is poorly understood. The present study investigated HOXA9 and its cofactor PBX homeobox 3 (PBX3) expression in patients with gastric cancer. Paired tissue samples from 24 patients and paraffin embedded tissues of gastric cancer patients (104 males and 24 females) were included. HOXA9 and PBX3 expression levels were determined by reverse transcription quantitative polymerase chain reaction in fresh tissues, and by immunohistochemical staining in paraffin embedded tissues. The association between HOXA9/PBX3 expression and clinicopathological features was established. The results demonstrated that HOXA9 and PBX3 mRNA levels were significantly upregulated (P=0.032 for HOXA9 and P=0.031 for PBX3) in gastric cancer tissue. Immunohistochemical staining revealed that HOXA9 expression was associated with differentiation, lymph node metastasis and tumor-node-metastasis (TNM) stage, and PBX3 expression was associated with lymph node metastasis and TNM stage. Correlation analysis revealed a high coincidental expression of HOXA9 and PBX3 levels in gastric cancer (r=0.391; P<0.001). Survival analysis showed that high expression of HOXA9 or PBX3 was associated with poor survival of gastric cancer, and multivariate analysis using Cox's regression model showed that PBX3 expression was an independent prognostic factor in gastric cancer. There was elevated expression of HOXA9 and PBX3 in gastric cancer patients, and high-level expression of those proteins was associated with poor prognosis of gastric cancer. The present study underlines the significance of HOXA9/PBX3 in the development of gastric cancer.
Introduction
Gastric cancer (GC) is a major public health issue, and is the second leading cause of cancer-associated mortality worldwide, particularly in East Asia (1) . Current treatment modalities for GC include surgery, radiotherapy, chemotherapy and their combinations. New therapies, including molecule-targeted therapy, have been prescribed for gastric cancer due to their marked benefits in reducing disease recurrence and increasing long-term survival (2, 3) . Tumor invasion and metastasis, which are primary causes for treatment failure or mortality among cancer patients, involve multiple steps. The process involves regulation at the molecular level of adhesive molecules, proteolytic enzymes and cell growth and angiogenesis factors, and its mechanism is not yet fully understood (4) . Therefore, searching for tumor-specific biomarkers for invasion and metastasis has become necessary for the treatment of GC.
The homeobox (HOX) proteins are transcription factors with roles in development, including regulating the patterning during embryogenesis and the control of cell differentiation (5, 6) . In mammals, the HOX genes are organized into clusters named A, B, C and D on four separate chromosomes (7) . The HOXA cluster contains 12 genes (11 HOX genes and EVX1) and is located in a 155 kb-long genomic region on chromosome 7p15-7p14.2 (8) . HOXA9 is normally expressed during development of the female reproductive tract, and its expression is tightly regulated in the adult tract (9, 10) .
A previous study revealed that deregulated expression of HOX genes is found in cancers (11) . However, another study demonstrated that HOX proteins function in a context-dependent manner (5) . HOXA9 was revealed to exert a tumor-suppressive effect in breast cancer, reported by Gilbert et al (12) . Uchida et al also demonstrated that HOXA9 acts as a tumor suppressor in oral cancer (13) . Furthermore, methylation and loss of expression of HOXA9 was reported High level of homeobox A9 and PBX homeobox 3 expression in gastric cancer correlates with poor prognosis in oral cavity (14) , breast (12, 15, 16) , lung (17) , ovarian (18) and bladder (19) cancers. In contrast to the tumor suppressor role, several studies have considered the oncogenic role of HOXA9 in human cancer (11, 20) . Ko et al (20) identified that high expression of HOXA9 is associated with poor overall survival (OS) in ovarian cancer, and HOXA9 could promote ovarian tumor growth in vivo. In addition, a previous study also demonstrated that HOXA9 may act as an oncogene in leukemia (11) . Therefore, HOXA9 appears to exert its function by interacting with different types of proteins in a tissue-specific manner. However, the role of HOXA9 in gastric cancer is poorly understood.
PBX3 is a member of the PBX family of three-amino acid loop extension HOX genes. PBX proteins are well known for their interaction with HOX proteins that increases the DNA-binding affinity of HOX proteins, thereby enhancing the transcription of the downstream target genes (11, 21) . A study by Li et al indicated that HOXA/PBX3 interaction is critical for mixed lineage leukemia-induced leukemia (22) . The identification of this HOXA/PBX3 gene signature triggered the present study to investigate whether a synergistic effect exists between HOXA9 and PBX3 in GC. The aim of the present study was to evaluate the clinical significance of HOXA9 and PBX3 in the progression and prognosis of GC, and to explore the potential association between HOXA9 and PBX3 in GC progression.
Materials and methods
Patients and tissue samples. The project was approved by the ethics committee on the use of human subjects of Zhejiang Provincial People's Hospital (ZPPH; Hangzhou, China) and written informed consent was obtained from each patient. A total of 24 fresh specimens from patients with GC were acquired from ZPPH between January 2013 and December 2013, and stored at -80˚C prior to use. Surrounding normal gastric mucosa samples were also obtained and studied.
In addition, 128 paraffin-embedded specimens of GC were collected at ZPPH between January 2006 and December 2009. All cases were diagnosed clinically at the Department of Gastrointestinal Surgery, and histopathologically at the Department of Pathology of ZPPH. The patient cohort consisted of 104 males and 24 females (Table I) , with a median age of 54 years (range, 17-87 years) at the time of surgery.
All cases were classified according to the World Health Organization pathological classification of tumors. Among the 128 cases of GC, 16 were well differentiated, 51 were moderately differentiated and 61 were poorly differentiated. There were 62 cases without lymph node metastasis, 66 cases with lymph node metastasis, 2 cases with distant metastasis and 126 cases without distant metastasis. According to TNM stage classification, 61 cases were categorized as stage I+II and 67 cases were categorized as stage III+IV. None of the patients had received any radiotherapy or chemotherapy prior to surgery.
All patients were followed for >5 years, and the survival time was calculated from the date of surgery to the deadline for follow-up, or to the date of mortality.
Reverse transcription polymerase chain reaction (RT-PCR).
Total RNA was extracted from the fresh specimens using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and RNA concentration was determined using a Nanodrop 2000 spectrophotometer (Thermo Fisher Scientific, Inc.). A total of 2 µg of RNA was reverse transcribed using the SuperScript II reverse transcriptase system (Invitrogen; Thermo Fisher Scientific, Inc.) following the manufacturer's protocol. The cDNA was then subjected to RT-PCR using specific primers with the SYBR Premix ExTaq kit (Takara Bio, Inc., Otsu, Japan). The forward and reverse primers for HOXA9 (NM_152739) were 5'-GTG ATG CCA TTT GGG CTT ATT-3' and 5'-GGT TTA GAG CCG CTT TGT GC-3', respectively. Those for PBX3 (NM_001134778) were 5'-CTG TTTGCCTATCCCTGTT-3' (forward) and 5'-GCAGCA AGTATCTTCGTCTC-3' (reverse). GAPDH was used as an internal control using the following primers: Forward, 5'-TGA AGGTCGGAGTCAACGG-3' and reverse, 5'-CTGGAA GATGGTGATGGGATT-3'. The relative amount of mRNA level to GAPDH was calculated as the average 2 -ΔΔCq , where ΔCq=Cq-Cq GAPDH (23) .
Immunohistochemical staining. Each tissue section was baked at 60˚C for 2 h, deparaffinized with xylene and rehydrated in graded alcohol. Antigen retrieval was then performed by autoclaving in 0.01 M citrate buffer (pH 6.0) for 3 min. Subsequently, sections were incubated with 3% (v/v) H 2 O 2 for 10 min to block endogenous peroxidase.
To reduce nonspecific reactions, sections were then incubated with 10% (vol/vol) normal goat serum (Histostain-Plus kit; cat. no. 859043; Invitrogen; Thermo Fisher Scientific, Inc.) for 15 min at room temperature. Subsequently, the slides were incubated overnight at 4˚C with rabbit polyclonal antibody against human HOXA9 (dilution, 1:500; cat. no. bs6667R; BIOSS, Beijing, China) or rabbit polyclonal antibody to human PBX3 (dilution, 1:500; cat. no. bs12295R; BIOSS). Subsequent to rinsing with PBS, tissue sections were incubated for 20 min at room temperature with biotin-labeled secondary antibody (Histostain-Plus kit; cat. no. 859043; Invitrogen; Thermo Fisher Scientific, Inc.) followed by horseradish peroxidase-linked goat anti-rabbit antibody (Histostain-Plus kit; cat. no. 859043; Invitrogen; Thermo Fisher Scientific, Inc.) for 20 min at room temperature. Sections were then stained with 3,3-diaminobenzidine (ZSGB-BIO, Beijing, China). Finally, the sections were counterstained with hematoxylin (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), dehydrated and mounted with a coverslip. Phosphate buffer was used to replace the primary antibody as a negative control.
Evaluation of immunohistochemical staining. Immunohistochemical staining showed that HOXA9 and PBX3 positive staining were mainly located in the nucleus and cytoplasm. The degree of immunostaining was reviewed under a light microscope (5 fields were viewed with magnification x200) by two expert pathologists without knowledge of the clinical data and scored independently. The HOXA9 and PBX3 expression level was based on the intensity of cellular staining and the proportion of stained tumor cells.
Staining intensity was scored according to the following criteria: 0, no staining; 1, weak staining (light yellow); 2, moderate staining (yellow brown); and 3, strong staining (brown). The proportion of stained tumor cells was scored according to the proportion of positively stained tumor cells, as follows: 0, <5% positive tumor cells; 1, 6-25% positive tumor cells; 2, 26-50% positive tumor cells; and 3, >51% positive tumor cells. The staining intensity and proportion immunoreactivity scores were then multiplied to obtain a composite score. The values of the composite score ranged from 0 to 9. For additional evaluation, a staining index score of ≤4 was defined as HOXA9 or PBX3 negative expression, and a staining index score of >5 was regarded as HOXA9 orPBX3 positive expression. In cases of discrepancy, a consensus score was chosen for evaluation.
Statistical analysis. All statistical analyses were performed using SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). Differences between HOXA9 and PBX3 mRNA expression levels of cancer and normal tissues were determined using the Mann-Whitney U test. χ 2 test or Fisher's exact test was used to evaluate the associations between the expression of HOXA9 or PBX3 and the clinicopathological features of the patients with GC. Univariate survival analysis was performed using the Kaplan-Meier method, accompanying the log-rank test to calculate differences among the curves. Multivariate survival analysis was performed to assess predictors associated with prognosis using Cox proportional hazards regression model. Additionally, association between HOXA9 expression, PBX3 expression and clinicopathological features was estimated using Spearman's rank correlation coefficient. All P-values were two-sided and P<0.05 was considered to indicate a statistically significant difference.
Results
Detection of HOXA9 and PBX3 mRNA expression level. To detect HOXA9 and PBX3 mRNA expression level, a total of 24 paired fresh specimens of GC and surrounding normal mucosa were analyzed using RT-PCR. The results revealed that the HOXA9 mRNA level was upregulated in 62.5% of GCs (15/24), and downregulated in 37.5% of the GCs (9/24), and the mean mRNA level of HOXA9 was upregulated in GC tissues compared with normal tissues (P=0.032; Fig. 1) .
Similarly, PBX3 was significantly upregulated in 79.2% of GCs (19/24) and downregulated in the remainder of GCs (5/24, 20.8%), and the mean mRNA level of PBX3 was upregulated in GC tissues compared with normal tissues (P=0.031; Fig. 1 ).
Further analysis of the association between HOXA9 and PBX3 mRNA level was also performed, and the result showed that the HOXA9 mRNA level was significantly correlated with PBX3 mRNA level (r=0.358; P=0.012; Fig. 2 ).
Association between HOXA9 and PBX3 expression with clinicopathological features of GC. In order to detect the presence and distribution of HOXA9 and PBX3 expression in GC, immunohistochemical staining was performed, and the association between HOXA9 and PBX3 expression with clinicopathological features of GC was analyzed. The results revealed that immunostaining of HOXA9 was mainly located in the nucleus and cytoplasm of the tumor cells (Fig. 3) , and positive expression of HOXA9 was detected in 88 of the 128 patients with GC (68.8%). Additional analysis demonstrated that HOXA9 expression was associated with differentiation, lymph node metastasis and TNM stage (Table I) . Gastric cancer patients with poor differentiation, lymph node metastasis and high TNM stage (stages III+IV) had significantly increased expression of HOXA9 compared with those with well or moderate differentiation (P=0.001), no lymph node metastasis (P=0.011) and low TNM stage (stages I+II) (P=0.0001; Table I ). The Spearman's rank correlation coefficient of HOXA9 expression with differentiation, lymph node metastasis and TNM stage was 0.185 (P=0.037), 0.298 (P=0.001) and 0.439 (P<0.001), respectively. Immunostaining of PBX3 was predominantly distributed in the nucleus and cytoplasm of the tumor cells (Fig. 3) , and positive expression of PBX3 was detected in 92 of the 128 patients with GC (71.9%). PBX3 expression was associated with lymph node metastasis and TNM stage (Table I) . Positive expression of PBX3 was detected in 87.9% (58/66) of GC patients with lymph node metastasis, which was increased compared with the expression rate in patients without lymph node metastasis (34/62, 54.8%) (χ 2 =17.264; P<0.001). The detection rate of PBX3 expression was 92.5% (62/67) in GC patients with TNM stage III+IV, which revealed a significant 
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Association between expression of HOXA9 and PBX3 in GC.
In order to investigate the synergistic effect between HOXA9 and PBX3 in GC, the association between HOXA9 and PBX3 in the development of gastric cancer was analyzed. High coincidental expression of the HOXA9 and PBX3 proteins was observed in gastric cancer. Of the 88 patients that were found to express HOXA9, 69 (78.4%) also expressed PBX3. The correlation between the expression of HOXA9 and PBX3 expression in patients with gastric cancer was statistically significant (r=0.391; P<0.001).
Clinical significance of HOXA9 and PBX3 expression in prognosis of GC. Univariate survival analysis revealed the 3-and 5-year cumulative survival rates were 81.6 and 47.8% in patients with negative HOXA9 expression, and 56.3 and 14.1% in those with positive HOXA9 expression. The mean survival time in patients of GC with positive HOXA9 expression was 37.96±2.22 months, and 50.69±3.02 months for those with negative HOXA9 expression. Evidently, GC patients with positive expression of HOXA9 have a poorer prognosis than those with negative expression (χ 2 =7.378; P=0.007; Fig. 4) .
Similarly, the 3-and 5-year cumulative survival rates were 79.8 and 62.1% in patients with negative expression of PBX3, which were increased compared with patients with positive expression of PBX3 (58.4 and 11.2%, respectively). The mean survival time in patients of GC with positive expression of PBX3 was 38.13±2.11 months and 50.59±3.46 months for those with negative expression of PBX3. Notably, GC patients with positive expression of PBX3 had a poorer prognosis than those with negative expression (χ 2 =9.948; P=0.002; Fig. 4 ). Multivariate analysis using the Cox regression model demonstrated that survival was independently associated with lymph node metastasis (P=0.032) and PBX3 expression (P=0.024; Table II ).
Discussion
HOX genes are an important class of patterning regulators that modulate tumor progression and alter tumor cell growth in vitro (24) (25) (26) . HOX proteins can form heterodimers or heterotrimers with members of the 3-amino-acid loop extension family of cofactors, including PBX and Meis proteins, which may directly regulate the transcription of downstream target genes. Previous studies showed that HOXA9 appears to exert its function by interacting with different types of proteins in a tissue-specific manner (5, 11, 12, 20) . However, the role of HOXA9 in gastric cancer has not been fully elucidated.
To understand the clinicopathological significance of HOXA9 in GC, the expression of HOXA9 mRNA level was analyzed in 34 paired fresh GC tissue and 128 paraffin-embedded GC tissues. In the present study, HOXA9 and PBX3 mRNA levels were revealed to be significantly upregulated in GC tissue compared with adjacent normal tissue. Immunohistochemical staining also revealed that gastric cancer patients with poor differentiation, lymph node metastasis and high TNM stage (stages III+IV) had significantly increased expression of HOXA9 compared with patients with well or moderate differentiation (P=0.001), no lymph node metastasis (P=0.011) and low TNM stage (stages I+II; P=0.0001). These results showed that HOXA9 overexpression was involved in the progression of GC. HOXA9 has been implicated in carcinogenesis, since it acts as a transcription factor with roles in development, regulating patterning during embryogenesis and controlling cell differentiation (5, 6) . Studies also revealed that HOXA9 increases endothelial cell migration and tube formation in human myeloid leukemia cells (27, 28) . In addition, HOXA9 promotes tumor metastasis by enhancing the adhesion of circulating tumor cells to endothelial cells (29) . HOXA9 was also reported to increase cell proliferation and inhibit apoptosis in human glioblastoma (30) . These findings indicate that HOXA9 may be involved in tumor progression by modulating interactions between tumor cells and host cells. However, a number of studies revealed that HOXA9 exerted a tumor-suppressive effect in breast cancer, lung cancer, ovarian cancer and bladder cancer (12, (17) (18) (19) . HOXA9 is frequently deregulated in a variety of human cancers, in which it acts as a tumor suppressor or as an oncogene. Although HOXA9 seems to exert its function by interacting with different types of proteins in a tissue-specific manner, the mechanisms underlying these differential functions remain to be identified. PBX proteins are also well known for their interaction with HOX proteins, which increase the DNA-binding affinity of HOX proteins and thereby enhance the transcription of the downstream target genes (11, 31, 32) . The cooperation between PBX3 proteins and HOXA9 in GC progression is unclear. The present study revealed hat HOXA9 mRNA level was associated with that of PBX3. Immunohistochemical staining also revealed a high coincidental expression of the HOXA9 and PBX3 proteins in GC. Additional analysis revealed hat PBX3 expression was associated with lymph node metastasis and TNM stage. Positive expression rates of PBX3 were increased in GC patients with lymph node metastasis and TNM stage III+IV compared with patients without lymph node metastasis and TNM stage I+II. Therefore, the present data suggest that PBX3 may be a critical cofactor of HOXA9 in GC carcinogenesis and development.
Survival analysis also revealed that high expression of HOXA9 or PBX3 was associated with poor survival of GC, and multivariate analysis using the Cox regression model showed that PBX3 expression was an independent prognostic factor in GC. High HOXA9 expression was reported to be associated with poor OS of epithelial ovarian carcinoma patients (20) . Li et al also demonstrated that increased expression of a 4-HOX gene signature (composed of HOXA7, HOXA9, HOXA11 and PBX3) is an independent predictor of shortened OS in patients with cytogenetically abnormal acute myeloid leukemia (33) . The present study showed that the HOXA9/PBX3 gene signature has a prognostic value for GC.
On the basis of these findings, it is suggested that PBX3 is a critical cofactor of HOXA9, and that cross-talk between HOXA9 and PBX3 may perform an important role in the mechanism underlying the carcinogenesis, development and progression of GC. Therefore, targeting the interaction of these genes is a feasible strategy for the therapy of GC; however, the mechanisms underlying the regulation of HOXA9/PBX3 in GC development remain to be identified.
